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(54) Abstract Tftle / ~ 

Detection of target nucleic add sequences and primers for use therein 

(57) A method for detecting a target nucleic acid comprises contacting template nucleic acid from a sample 
with (1) a signalling system and (ii) a tailed primer haying a template binding region and a tail comprising 
linker and a target binding region in the presence of appropriate NTPs and polymerase such that the template 
binding region hybridises to a complementary sequence in the template nucleic acid and is extended to form a 
primer extension product and separating any such product from the template whereby the target binding 
region in the tail of the primer hybridises to a sequence in the extension product corresponding to the target, 
any such target-specific hybridisation causing^ detectable change in the sigjnallinq system. The primer may 
particularly comprise at least one cornponent of the signalling system such as a fluprophbre F and quencher O 
or an intercalating dye. ' ' ^ ' ' 




Fi gures 




O 
to 

CO 
CO 
CO 

CO 



> 



BNSDOCID: <GB 233830 1A_L> 



I 




2/42 



Fi gure 2 




3NSDOCID: <GB 233e301A_L> 



9 



3/42 



Figure 7* 



i 




i'.' 



iNSDOCID:<GB 2338301A_I > 



4/42 



Figure 4 




n nnnnniniD 

a. 




3NSDCX;iD: <GB 2338301 A_t_> 



70354 



8/42 



Fi guire 7B 



! f 




r 




BNSDOCID- <GB 233830 1A_1_> 



9/42 




MSDOCID; <GB 2338301A I > 



' 10/42 



Fi gure 8a 





) l-l [ 



Capture sequence 



3NS0OCID; <GB 2338301A l_> 



.11/42 





JNSDOCtD:<GB 2338301 A I > 



12/42 




///////////////// 



3NSDOCID: <GB 2338301A_L> 



13/42 




ure9 



•7 ^ i 




a. 



b. 




iNSDOCID; <GB 2338301A I > 



14/42 



Fi gure 10a 




JNSOOCID: <QB 2338301 A_l_> 



15/42 



Figure 1rtf> 




INSDOCID: <GB 2338301 A l> 



16/42 



Fi gure lOc 




BNSDOCID; <GB 2338301A_I_> 



'17/42 



Figiire i1 la 



> . I > 




2-tube test 



cpmwon 



mutant 



18/42 



Figure 11¥ 



normal- 




miifant 

" I* 

Single tube test 



19/42 



Probe "a" or "b 




Allele "a" or "b 



^5 






4 . 



NSDOCID: <GB 233830 1A_I > 



20/42 



Fi gure 12b 



Probe matches target, 

■ I ^^^^ \i * J- ^ 

fluorophore unquenched 





OR 





Probe and target mismatch, 
internally quenched conformation 
forms 



3NSDOCID: <GB_2338301A_L> 



21/42 

Figure 1 




For allele "a" on the forward strand 



3NSDOCID: <GB 2338301 A I > 



22/42 



Fi gure 12d 





OR 




~".,*r J ■ 




For allele "b" on the reverse strand 



I. h 



BNSDOCID; <GB 2336301 A l_> 



23/42 

Figure 1 2e 

Allelic discrimination 




OR 




PLUS 

Amplicon control on 

the other strand 

using a second fluorophore 




INSDCXID: <GB 2338301 A I > 



24/42 



FIGURE 13 



i ^ 
i g 



o 
c 
o 
o 

(0 

o 



9000* 



8000.. 



7000.. 



6000 



5000.. 



4000.. 



3000. 



^ 2000 , . 



1000,. 



r . 



I' 1 .■ 



5 ► ■ 





matched target 

No Template 
Control 



0 4<rr:jTT!!rir:!::taii— ' -!ih:"inr- JM- =gig 



V- CO <o o> CM m oo ^ S Q^^ SS 



cycles 



3NSDOCID: <GB 233830 1A_I_> 



70354 



25/42 
FIGURE 14 




NS0OCID:<GB 2338301A I > 



26/42 
FIGURE 15a 

I ' ' — — . ^ 

100% scorpion \ 



7000- 




cycles I 



ID. <GB 2338301A_I_> 



27/42 
FIGURE 15b 



(0 
0 



o 
o 
c 
d> 
o 

9 
o 

3 



< 

U. 



6000^ 



4000 . . 



3000.. 



2000,. 



1000 



80% scorpion 




matched target 
mismatched target 



1000 1 



cycles 



gSOOCID: <GB 233830 1A_L> 



28/42 
FIGURE 15c 



50% scorpion 

I 
I 

I 




matched target 
mismatched target ' 



cycle 



BNSDOCIO: <GB 233830 1A_1_> 



29/42 



FIGURE 15d 



20% scort>idn 



1600^ 



CO 

C 

S 
c 

o 
c 

o 

9 



< 

a. 




matched target 

misrnatched 
target 



cycles 



HsISDOClD; <GB 2338301 A_l_> 



/ VJ3*f 



30/42 



FIGURElSe 



CO 

c 

c 

o 
c 
c 

o 



< 

LL 



10% scorpion 




matched target 

mismatched 
target 



cycles 



BNSOCXID: <GB_233S301 A_I_> 



31/42 



FIGURE 16 



Heteroplasmy Analysis 



6000 _ 




Vo C target 



1NSD0CID:<GB 2338301A I > 



32/42 
f IGURE 17a 



6000^ 



5000 



o 
o 
c 
o 
o 

CO 

o 



o 



4000,. 



3000,. 



^ 2000 . . 



< 1000 , . 



.1000 




Cn fO 

eg CO CO 



AA homo 
No template 
AA homo 
No template 



■ 

1 



J ! 



cycles 



BNSDOCID: <GB 2338301A_I_> 



33/42 
FIGTJRF 1 7h 



! 

6000 
5000, . 



S 4000. . 




cycles 



tNSDOCID: <GB 2338301A_I > 



.34/42 
FIGURE 17c 



i 

6000^ 




cycles 



3NSDOCID: <GB 2338301A ^l_> 



35/42 
FIGURE 18 




SSDOCiD: <GB 2338301 A_l_> 



36/42 
FIGURE 19 



I ; 

I 



2000- 




cycles 



BNSDOCID: <GB 2338301A„I_> 



37/42 



FIGURE 20a 



O 
O 
C 

o 
u 

(0 

o 

3 



< 
U- 



20000 _ 
19000 . . 
18000 . . 
17000 . . 
16000 . . 
15000 . . 
1406b J! 




12000 . . 
11000 .. 
10000 



+ 



10 



20 

Cycl 



30 




40 



SNSDCDCID: <GB 2338301 A I > 



38/42 
FIGURE 20b 




^ 3000 . . 
2000 . . 



1000,. 

0 J 1 1 .;. I. 1 

0 10 20 30 40 

Cycles 



BNSDOCID: <GB 233B301A_I_> 



39/42 



FIGURE 20c 



7000 ^ 





cycles 



MSDOCIO: <GB 2338301A I > 



40/42 
FIGURE 20d 




cycles 



* > . 'i 

BNSDCXID:<GB 2338301 A__1_> 



Aim 

MGURS 21a 



1 ^ 



o 
o 
c 

o 



< 

u. 
> 




No quencher 

E qui molar 
Quencher 

4-fold eyoe^s 
quencher 

40-fold excess 
quencher 



-0.2 X 



cycles 



NSDOCID: <GB 2338301 A__L> 




■m~m — r 



42/42 



FIGURE 2ib 




3NSDCX;iD: <GB 2338301 A t_> 



2338301 

-1- 

METHQDS •.. h :j. ■■ 

' " c \ ^ V< " 

The present invention relates to a novel detection system compris^ing novel primers 
and an integrated signalling system. Ilie system is used in the detection of target nucleic acid 
sequences. ' :--ov;^ .oir ;i a -.■„^.^. 

Available methods for the arnJ>lification ^and detection of target nucleic, acid sequences 
include use of the polyrherase chain reactkj^ tPCJ^V^forte^ample as^^^ in United States 

patents nos. 4683195^ahd 4683202. i :,}ru^ i^.f ; i 

A significant improvement, oii* the above amplification and detection methods is the 
Amplification Refractory Mutation Syst^rri (ARMS) as claimed in our European Patent no. 0 
332 435 (Zeneca Limited) and corresponding US Patent No. 5595890. 

Convenient probe based detection systems inctude Taqman (as disclosed in US patents 
nos. 5210015 and 5487972) and Molecular Beacons (as disclosed in WO-95/13399). In 
Taqman a probe molecule comprising fluorophore/quencher species hybridises to PCR 
amplification products iand is digested by the 5 ' -3 ' exonuclease activity of a polymerase. This 
leads to release of unquenched fluorophbTe aind a cdn-espo^ In 
Molecular Beacons a probe md^lecule ha\^ng a stem-loop structure keeping fluorophore and 
quencher species in close proxiihity opens out upon binding to its complementary target 
whereupon the fluorophore becomes unqueriched leading Jo a detectable signal . 

Nazarenko et al (NAR 1997, 25, 2516^2521) disclose so called "Sunrise" primers. 
These are primers which form Hairpih Idops at their S'^ ends to bring a fluorpphore and 
quencher pair together, thus ehsurinjg low' fl tiorescence: Wlien tfiese primers have been 
incorporated into a PCR product^ the tails become doiibk stranded.and the haitpin is 
tinravelled causing the fluorescence to increase. However signaLgeneration is not amplicon 
dependent, any double ^trrnided amj^licon (including primer>diaiers)^can i the 
Simrise primed aind^us generate a spurious s^ r v: ^> - ,\ , ; 

US-A^5573966 (Banhwarth et aiy^ labelled primer 

containing a selfHCompIeihielnitairy seqlience in an amplification or extension process together 
with a subsequent detection step usittjg a 3' labellfed pro.be for the amplified or extended 
region. The labels may be close together iri space after hybridising the probe .close, to the 
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short piece of double-stranded DNA resulting firoin backfolding of the self-complementary 
region of the primer incorporated into the amplified or extended product. 

However, the levels of sequence specificity and detection sensitiyity, as well as speed 
of signal appearance, achievable using the above ampjificatipn and det^eption methods are 
5 limited. Therefore the need still exists for further improved diagnostic methods. 

We have now devised a novel detection system using a tailed primer and an integrated 
signalling system. The primer has a template; biiTding rcsgip qoniprising a linker 

and a target binding region. In use the target binding region in the tail hybridises to 
complementary sequence in an extension product of the primer. This target specific 

10 hybridisation event is coupled to a signalling system v^herein hybridisation leads to a 
detectable change, , . y • 

Therefore in a first aspect of the present invention we provide a, metho^d for the 
detection of a target nucleic acid, which method comprises contacting template nucleic acid 
firom a sample with (i) a signalling system and (ii) a tailed nucleic acid primer having a . 

15 template biiiding region and the tail comprising a linker and ;a target binding region, in the 
presence of appropriate nucleoside triphosphates and an agent for polymerisation thereof,, 
under conditions such that the template binding rjSgion of the primer will hybridise to a 
complementary sequence in the teniplate nucleic acid and be extended to form a primer . 
extension product, separating any such product frpm the template y^hereupon the target 

20 binding region, in the tail of the primer >yill hybridise to a sequence in the primei; extension 
product corresponding to; the target nucleic acid, and wherein any such target specific 
hybridisation'causes a detectable change in the signalling system, such that die presence pr 
absence of the target nucleic, acid in the sample is detected by reference to the presence or 
absence of a detectable change in the signalling syst<5m> , 

25 The detection method of the invention ha§ a number of significant advantages. These 

include the following. Only a single primer/detector species is required. This ineans 
simplicity and provides enhanced specificity based on the ready ayailabilit>; ftf the target 
binding region for hybridisation with' the prin^^r extension product. The ne^wJy synthesised 
primer extension product is the target species so the output signal obtainable is directly related 

30 to amount of extended primer. It is not dependent on additional hybridisation events or . 

en2ymatic steps (such as TaqMan cleavage). Intra- and inter-strand competition for the probe 



3NSDOC1D: <GB 2338301 A 1 > 



-.3- 

site is limited so probe design becomes simplified. We have fprnd that probes which fail to 
bind under standard assay conditions in separate probe format wprk .>vell in our invention. The 
inventioii also allows homogeneous assay formats to be readily-devised. A still further 
advantage is that, as the interaction is i^iimol^jculajr^ the ^ reaction is very rapid, 

5 permitting increased cycling rajtes; TTiis is avsignifican]^ 

Wilton et al (Human MutatiogEi, 1998^^11^252-258) disclose an analytical method 
termed Snapback Single Strand Coriform^tion, Polyjnptprplu^^ This involves the use 

of a tailed primer to introduce a ^condary 3tr^ctiKetinva;Sin of an amplicon. The 

primers consist of standard 3' ends with short tails on the 5' end. These tails are 

10 complementary to an internal region of the amplicon at some distance from the primer and can 
be used to probe the conformation of the single strands formed after heating and cooling. The 
conformational changes introduced by a mutation at the probe complementary site are 
detected by migration rate changeson a polyacylamide gel stained with silver. However there 
is no anticipation of the features or advantages of the present invention. 

15 In the detection method of the invention, primer extension may be repeated one or 

more times such as up to 5, up to 10, up to 15, upito 20, up tOi30,up to 40, up,to.50 or more 
times. Conveniently^, the novel primer of^e invention is used as an amplification primer in 
an amplification system such as the polymerase chain reaction (PGR). In "wiiich case the 
target binding region and the tail region are advantageously arranged such that the tail region 

20 remainis single stranded, i6. ttncopied. Tlius the tail region is non-amplifiable in the PGR 
sunplification products. This facet of primer design is claim^ in pur European Patent No. 0 
416 817 (Zensba Limited) and icorresp0ndinglJS Patept No. 5525494, Gonveniently the 
linker comprises a blocking moiety which prevents polymerase.mediated.chain <ex;tens;ion on 
the primer template. A preferred blocking moiety is a hexethylene, glycol (HEG). monomer. 

25 Alternatively the primer tail comprises material such as 2-O-alkyl RNA which will not permit 
polymerase mediated replicatroh of a complemeritary strand. Alternatively the tail comprises 
rtucleic acid placed 5 '^3 ' at the 5 ' terminus of the primer ie. the two sequences are placed 
"back to' back';'; it will be appreciated that in this^embodiment the 5'-3 ' nucleic acid of the tail 
serves both as the linker and the target binding region. A separate and distinct linker moiety 

30 is not essential. : . ; , , r , 
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The template binding' region of the primer hybridises to template nucleic acid from; a 
sample. The region is of 'any borivenient design available to the person of ordinary skill and is 
limited only by practicsil cbri^ideratiohs. It may be DNA, RNA or other provided that it : 
provides a substrate for poiynieriase mediated primer extension. Template binding can be 

5 effected at any desired stringency, that is to say imder appropriate hybridisation stringency 
conditions the template biridihg region of the- prinier may hybridise to the template region (if 
present in the template) to the'exclusion^of bther regionsv Alternatively template binding may 
be effected at reduced stringency td^ei^tend^th^'primer on any convenient number of related 
template sequences, such as for Example human leukocyte antigen (HLA) genes, or other 

10 conserved genes, particularly bacterial br ribosomal RNA genes. Primers may be provided 
wherein the template binding regions are members Of a set of random hexamer sequences. 
Thus the expression **a complementaiy sequence" is intended to include all sequences 
outlined above provided that the template binding region and hybiidisation conditions allow 
the desired degree of sequerice discrimination: By way of example the template binding : 

15 region may be 100%, up to 95%, up to 90%, up to 85%, up to 80%, up to 75%, or up to 70% 
complementary to the corresponding template sequence. The template binding region is 
conveniently of 6-50 nucleotkiies such as 10^0 nucleotides; 15-30 nucleotides^ particularly 
20-30, 17-22, 16-23 or 15-24 nucleotides. Each ofthe above ranges is a separate and 
independeht embodiment -of the invention. All of the above applies in a?) analogous manner to 

20 the target binding region of the primer with the proviso that the target binding region is ir^ 
general shorter that the teniplate binding region, examples of convenient and pre^^^ 
are set out hereinafter: ' It will be appreciated that the overall selectivity of ths niethod of the 
invention may be applied 'in ah ailele-specific or niultiple allele mam for the template 
binding oi^ target binding regions independently, Each permutat^ion is a , particular aspect: of 

25 the inveiitioft'J^ • ' ■' ■ '-r.-.^ l. .; ; ■;: . >..• 

As outliried above,-'the'-target binding riegion may if desired comprise a non-copiafele 
species such as 2'-0-niethyl RNA, peptide niicleic acid;(PNA) and variants fef these. In this 
case a separately* identifiable linker is not required and the target binding region is considered 
to comprise a linker separating the template binding and target bindihg regions. The target 

30 binding region may be shorter than those traditionally designed for hybridisation to amplicons 
(amplification products) since the amplicon-target interactions of this invention are 
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unimoleculaLT and hence kinetically (and thermodynamicallyi) njore fayoured than bi-molecular 
interactions. By way of non-limiting example, the target binding region may comprise no 
more than 6, such as no more than 7, no more than^ 8: no nipre/than 9 pr no more than 10 
nucleotides, ■ • - - , < • ^ w.--, ■ i- 

5 It will be understood that the tail of the primer may include, additional nucleotides 

complementary to part of the template binding, regiou in- the, primer.rTTies^ may be used to 

*Tme tune'' the affmity of the primer tail for CQmpffemmt 

The linker separates tl^e teihpkt^binding 'and targets bijiding regions, Optunum 
characteristics for the linker may be detemiined by routine ^experimentation. Whilst we do not 

10 wish to be bound by theoretical considerations, the linker niiay comprise no more than 200 
nucleotides or less such as 100 or 50 nucleotides. In genersJ these regions are kept close 
together, we believe this may favour hybridisation of target fbinding regipn to the target 
region. In a preferred aspect the linker comprises a non-amplifiable moiety such as HEG, 
alone or combined with further nucleotides, more preferably alone. Where the template 

1 5 binding region and the tail region of the primer are arranged to prevent polymerase-mediated 
copying of tite primer tail the linker may^be a direct bondi * 

In a further aspect of the invention we provide a nucleic acid primer comprising (i) a 
template binding region and (ii) a tail comprising a linker and a target binding region such that 
in use the target binding region hybridises to a complementary: sequence in an extension 

20 product of the prinier corresponding to the target nucleic acid. The template binding region 
and the tail region are prefe^bly arranged such that the tailregipn remains single stranded in 
the PGR amplification products^ More i^referably a blocking moiety is sited between the ^ 
template binding region of the primiel^ andrthfe tail region^ which moiety- pwev^jnts pp^lymerase 
mediated chain copying of the tail itegion of the primer template. A particular blpcpkmg moiety 

25 is a hexethylene ^glycol (HEG) monomer. The target binding region is preferably selected to 
hybridise to ai complementary ta-get sequence in the primer extension product less than ZOO 
such as less than 100 base pairs, such as less than. 50 base pairs,, such ^3 less than 40 base 
pairs, less than 30 base pairs less than 25 or iess than 20 ba^e pairs such as less than 15, 10 or 
even 5 from a sequence complementary *tP the template binding region in the primer. 

30 > Hybridisation of the target binding region in the t^l of the primer to a complementary 

sequence in the primer extension product corresponding to jhe target nucleic acid causes a 
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detectable change in the signalling system. Any convenient signalling, system may be used, 
by way of non-limiting example we refer to the measurement of the change in fluorescence 
polarisation of a fluoresceritiy labelled species (European Patent No. .0 382 433 - Zeneca 
Limited), DNA binding proteins, creation of restriction sites in duplex species for endpoint 
detection, the bringing together of elements to gi ve a: target site, the incorporation of 
detectably (modified) dNTPs into primer extension products and ftirther probe species. In 
addition any convenient sequence speeific species may bciiisedj examples include ^ 
intercalators such as wavelength specific- intetcalators, also species used to form triplex 
structures. Convenient intercalators will be apparent to the scientist skilled in the art (cf, 
Higuchi et al,BioTechnology, 1992, 10, 413^417), 

Further systems include two-componeht systems where a signal is created or abolished 
when the twb coniponents are^brought into close proximity with one another. Alternatively a 

E 

signal is created or abolished when the two components are separated following binding of the 
target binding region. , r 

Both elements of the two component system may , be provided on the same or different 
molecules. By way of example the elements are placed on cjifferent molecules, target specific 
binding displaces cine of the molecules into solution leading to a detectable signal. 

Convenient two-compOifient systems may^ based on the use of energy transfer, for 
example between a fluorophore and a quencher. Jn a particular ajfpect of the invention the 
detection system comprises a fluorophore/quencher pair. Convenient and preferred attachment 
points for energy transfer partners may be determined by routine experimentatipn. A number 
of convenient fluorophore/quencher pairs are detailed in the literature (for example Glazer et 
al, Current Opinion in Biotechnology, 1997, 8, 94rl02)iand.in catalogues such as those from 
Molecular Probes,- Glen and Applied Biosystems (ABI).- Any fluorescent molecule is suitable 
for signalling provided it may be detected on the instrumentation available. Most preferred are 
those compatible with the 488 nm1aser-of the ABI PRISM 7700 (Fluorescpin and Rhodamine 
derivatives). The quencher must be able to quenth therdye in .question and tiiis may be yia a 
Fluorescence Resonance Energy Transfer (FRET) mechanism involving a second^ receiptor 
fluorophore, of niore preferably via a collisional mechanisni involving a non-fluorogenic 
quencher such as DABCYL; which is a "Uni versal" quencher of fluorescence Furthermore it 
is preferred that the selected fluordphores and quenchers are easily incorporated into the 
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oligonucleotide, most conveniently via phosphoraniidite chemistry;: Convenient donors 
include F AM, HEX and TET. ; ^ > v ;.: 

■ We surprisingly found that, without the inclusion of a specific quencher, the tail alone 
can provide sufficient quenching of fluorescence: When the targetrbinding region hybridises 
5 to a complementary sequence in the primer extension product a clear fluorescence signal is 
observed. The optimuni point of att^ehrftent of the fluorophore may determined by routine 
experimentatiori. In a ftarther aspedt of the in ventiom the ?;ignalling system comprises a 
fluorophore attached to the tail region of the prinxefv convenientlly at or adjacent the termini 5' 
terminus of the primer. Whilst we do not wish vo be limited by theoretical considerations, any 
10 G-rich sequence of at least 5 base pairs, such^ at least 10 or at least 15, such as at least 20 
base pairs may be used as a quencher species. 

' In a further specific embodiment, the primer tail includes anintercalating dye, 
hybridisation of the target binding region causes the dye to become incorporated between the 
bases of tne double stranded DN A and thus to fluoresce. The dye should preferably have a 
15 low fluorescence when not intercalated, cmd a strong fluorescent enhancement upon 

intercalation. Again the preferred niolecules should be easy to attach to the oligonucleotide 
by solid phase chemistry or by simple piost-synthesis addition. 

It will be appreciated that the overalHength of the primer tsdl will be determined 
principally by the intended functions of its iiidividual components. In general, the primer tail 
20 will be of at least 10 base pairs, such as at least 20, 30, 40 or 50 base pairs, for example 10-30 
or 15^25 base j>airs. - 

It is dtjsirdble that all dyes, quenchers, linkers/blocke/s should tolerate repeated rounds 
of P€R which include mxiltiplc cxpbs;^ 

In a preferred aspect of the invention at leasrt one component of die signalling system 
25 arid tlie nucleic acid primer is an integral species. 

The template nucleic acid is aiiy convenient nucleic rxid forjanalysis. Most commonly 
this will be DNA from an amplification reaction such as the PGR. This DNA target, may have 
befeh derived from a reverse transcriptibn (RT) reaction. Indeed, the primer of the invention 
may be Used in the RT reaction itself and be used directly, without further amplification. 
30 Other in vitro amplification techniques such as ligase chain reaction (LCR), OLA, NASB A 
and Strand Displacement ^amplification (SDA) miay also be suitable. It is important however 
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that there is a single sitanded intermediate whieh allows the target binding region to hybridise 
to a complementary sequence in the primer extension product. In general the method of our 
invention is used as the last (detection) step in, the above methods. It will =b? appreciated that 
some optimisation/reconfigufation may be required but the relevant steps will be apparent to 

5 the artisan of ordinary skill, - . - > c - ; ; .>. . ^ 

Sources of sample nucleic acid include human cells such circulating blood, buccal 
epithelial cells; cultured <ells-aiid tmnova- cells. Also other mammalian tissue, blood and 
cultured cells are suitable sources of template mxcleic aqids,! Jn addition, viniseSj 
bacteriophage, bacteria, fungi and otherfmacro^organisms can.be the source of nucleic acid for 

10 analysis. The DNA may be genomic or it may be cloned in plasmids, bacteriophage, bacterial 
artificial chromosomes (B ACs), yeast artificial chromosomes (Y ACs) or other vectors. JRNA 
may be isolated directly firom the relevant cells or it may be produced by in vitro priming 
firom a suitable RN A promoter or by in vitro transcription. 

The present invention may be used for the detection of variation^ in genomic DNA 

1 5 whether human, animal or other. It finds particular use in the analysis of inherited or acquired , 
diseases or disorders. A particular use is in the detection of inherited disease. It will be . , 
appreciated that the target nucleic acid is directly or indirectly linked to the sequence or region 
of interest for analysis. In one preferred aspect the priiner of the invention is used as the 
common primer in a PGR in combination with an if^lMS primer (as disclosed in for example 

20 EP-Bl-0 332 435), This is'an.e>i:ample of indirect linkage to the sequence or region of ^ 

interest. Alternatively the sequence or region of interest is identified when it interact with 
the template specific region in an allele specific manner, preferably as an ARMS primer (see 
above). Alternatively, the sequence or region of interest may ,be identified by aUele specific 
interaction with the target binding region in the primer tail. Still further, the sequence or 

25 region of interest may be a combination of the target region and template binding seqence in 
the primer provided that hybridisation of the target binding region in the primer, tail is 
dependent on formation of a primer extension product . . 

In addition' to the gene based diagnostics of human, heritable disease, the invention will 
be useful in the detection of. ainplicons from other sources. A particular use is in the detection 

30 of infectious agents (bacteria, viruses etc), such as HIV, wh?,re the combination of allele 

specific priming and allelic discrimination via the target binding region ofFprs opportunities to 
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monitor the emergence of particular variants of HTV within a^yiriis population in a patient. 
Other infectious agents for which quantitative data (measured by.Real time PGR) would be 
helpful include Hepatitis C virus and others. 

In other miedical niicrobiology applications it is important tc be able to detect and 
quantify particular species of micro-organism. The use of fluorescent Scorpions primers 
greatly facilitates this. - / ^ : ; ^ n j : ? / 

The presence of bacteria in food or <^er pwiwiucts can sdso b^ monitored 
using real time PGR ivith Scorpiofis fluOTes^enceirfethods.t T^ speeificity of probe detection 
can be modified to permit or exclude the detection-of related targets, 

A particular advantage is that the novel primers of the- invention need not be used at 
100% primer concentration, that is to say the detection method works wellieven where only a 
small proportion of novel to conventional primer is used. Whilst we do not wish to be boimd 
by theoretical considerations we believe that as little as a few percent, say up to 10%, up to 
20%, such as upi to 30% , up to 40% or up to 50% or 60% novel primer is used. Alternatively 
at least 50%,' 60%, 70%, 80%, 90% or 100%^nc5vel piimer is used. 

The primer(s) can be added at any cdriveAiefit stage iri an amplification reaction, for 
example in ihe final amplification cycle; Ml that is i^equired is one or more primer extension 
reactions. For homogeneous detection systems it is preferable to add the primer(s) at the start 
of any amplificiatiori procedure. 

The primfer tail may be configured iii a number of different ways, the sole requirement 
is that the target binding region in the tail is available afterprifn^r extension to hybridise with 
a cofnpleriientaiy ieqiience (if present) in the primer extension product: Ita its simplestt form 
the primer tail is randomly coiletf, if fluofescfent detection means are iise^ is self- 

quenched prior to' hybridisation of the taa-get . : ; ^ h ; 

The primer may include onie or more regions of internal* hybridisation which help \ 
stabilise tlid sigriallirig j^ysterri in a giVfeA position i.e. apartieular configuratiom Such 
region(s) are conveniently located within the primed taiil and may each be of 2 oi;fmore base 
pairs. ITie configurations adojited are limited oiily by practical considerations and may 
include the use of one or tnore structures selected from hairpins, arms,^ elbows, stems, bubbles 
and loops. Once convenient stWctures have been deivised these may be used as common 
features in the; tailed priniers of the inventioti. 
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The target binding region may have any convenient number of additional bases at its 
5' end. All or some of thtee additional bases may form part of any region(s).of internal 
hybridisation. ' j ; 

In a ftirther aspect 6f the inveritionithe ,pfiitner niay comprise :a captiu-e region. This 
may be placed at any convenient location, preferably on . the primer tail. The captiire region 
may be a contiguous or branched structure (cf. Figure 8c)The capture region hybridises to , 
complementary sequence on, for:exam^ple |i soiid phase;.; m : ^ 

Any convenient templsite dependent polymerase may be . used,^this is preferably a 
thermostable polymerase enzyme siich as taq, more preferably taq Gold^ . , 

Similarly any convenient nucleoside triphosphates for conventional base pairing may 
be used. If required these may be modified for fluorescence. As these may affect 
polymerisation rates up to only about 1 in 20 dNTPs used is modified for best results. 

Further details of convenient polymerases, nucleoside triphosphates, other PjCR 
reagents, primer design, instruments,; and cor?sumables are givenin "PCR" by C.R. Newton 
and A- Graham (The Introduction to Biotechniques series, Second Edition 1997, ISBN 1 
85996 01 1 1, Bios Scientific Publishers :Limit^?d, Oxford). Further guidance n>ay,be found in 
"Laboratory protocols for mutation detejction" ^ited by UlfLandegren, published by the 
Oxford University Press, Oxford, ! 996, ISBN.O; 19 857795 8, 

The invention will now be further illustrated by the following non-limiting specific 
description wherein the tailed primers, of the inyention are jeferresd to as Scorpions primers: 

The design of Scorpions primers may follow well known guidelines for PGR 
amplimers; the 3' end .df the^ccrj5/£7W5'^prim^r ^d/or the target binding region may tdcen 
directly from, for example an existing PGR or AJlMS ass^^ . ^ 

Target binding regions are typically about 17 bases (DNA) although (depending upon 
the temperature at which measurements are to be taken) shorter (as little as .6 to 10 bases) 
target binding regions be used. In this context we enyisage that non-na]tural nucleic acids such 
as PNA or 2'-0-alkyl-RNA (particularly 2' -OTmethyl RNA);WiU be useful since they, have 
higher Tj^s when bound to their targets. The spacing on a DNA strand between the amplicon 
binding region and its complementary sequence within the amplicon may, be as little as30 
bases (that is directly abutting the primer region) or may be as mpch as,^bput 200-300 bases. 
The efficiency of the iinimolecular interaction's expected to decline as this distance increases. 
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Where stem regions are used, they may range from 2:b^es:(esi>eqialJy useful for 2*-0- 
methyl RMA or PNA) to about 6, 8, 1 0 or more bases. The^al^ces between stem length and 
amplicon binding length is important: the probe-target complex ^hQuld have a stronger (more 
negative) AG (free energy) than the stemi diiplex at the assay, temperature,. 
5 Any polymerisation blocking group such as those described in our EPrBl -0 4 1 68 1 7 (Zeneca 
Limited) -is suitable. Hpweivcr, we prefer: that it should be easily incorporated by solid phase 
oligonucleotide chemistry and should also ifprm a sul^stitate foi; fiirther extension in the same 
chemistry. Convenient examplfesdnclude bexethylisne glycol (HEG) and tetraethylene glycol 
(TEG)phosphoramidites. J i ^ ' 1/ ^ , 

10 > The range of assays which can be performed using Utic Scorpions primers is extensive. 

Detection may, for example^ be effected after PGR amplification and. at room temperatures 
since the unimolecular hybridisation events Jiappfen quickify aind are stable for extended 
periods (at leist overnight). Furthermore, positive; (fluorescence signals are so high and 
backgrovmds so low, that fluorescence can be observed by eye under appropriate illumination 

15 and at ambient temperature. These are signifrcant advantages. 

Where allelic discrimination is employed as an endpoint, this may.require the use of 
temperature control to selectively destabilise mismatched tas^et^. 

The Scorpions primers of this invention are particularly suited to real time assays since 
signal generation is rsipid and requires only a unimolecular interaction. Additionally, 

20 backgrounds are low and isighals are high allowing a good dcal of flexibility' in assay design. 
Continuous monitoring of fluorescence through thd PGR is possible ivithjthe appropriate 
hardware.' ' " ■ ti*:, ■ , ' ■ : : , \ 

Scorpibns primers also have ^substantial benefits for in situ techniques such as^m situ 
PGR (ISPCR) and primed in^itu synthesis (PRINS). ; Only priming events yMth gtenei^ate the 

25 desired- product produce signal and this provides substantial benefits oyer other techniques for 
detecting products within a cell. ^ - ^ r ,w v ^ . ? v . 

It is generally desirable toi include the! S'cor/i^/owLy primer a 
reaction and to measure fluoreiscence in. the closed tube (honiogei3i<&ous) either continuously or 
post-PGR. Alternatively the.Scorpions primcfr may be added.at a later stage of the 

30 amplification; the only requirement is that the Scbrpions primer must undergo a single roiiind 
of extension and produce the unimolecular tail/target duplex. 
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Using appropriMe sigrialling systems (for example different fluorophores) it is possible 
to combine (multiplex)* the' output of several Scorpions primers in. a single reaction. The 
number of primers ttiat may be used is liniited only by experim , 

We now disclose the foUowingi non-limiting ^embodiments:: ; ; ^ 

Fluorphore/Ouen<^er 'embodiment ci: :< i ..^ . : 

See Figure 1 : ' Quenching is a^ihieved by the random folding of the tail bringing the 
fluorophore/quencher (F/Q) pair intor proximity toy^charice (Figure 2). In order to maximise 
this quenching, it is prefeited hni lipt ressbntiaktehaYe the.fluorophore in the middle of the 
molecxile with the quencher at the 5* end. Signal "switch-on" is by the same loss of quenching 
caused by hybridisation of the probe (Figure 3).^ In this embodiment, it is npt critical that the 
F and the Q are at opposite ends of the probing entity, and it may be beneficial to place them 
closer together within the probe portion. It is important, thoujgh^ not to disrupt . the target 
binding function of the tail by introducing bulky^ non base-pairing elements, but both 
fluorophore and quencher could be introduced on iiracil monomers, replacing thymidines in 
the probe. We believe that this embodiment may work best as an amplieon detector, , 
Intercalation embodiment ^ : ( , . ' 

In this embodiment, th design of the Scdrpions primer is further simplified, having no 
quencher involved. Instead, the tail carries anantercalating dye which is . capable of being 
incorporated between the bases of a double stranded nucleic acid molecule, uppn which it . 
becomes highly fluoreseenti In this way, sequence specific intercalation is achieved (Figure 
4a,b), In contrast to the "no-stem" method describedrin th^ previous embodiment, the,. , 
intercalating fluorophore is better placed at the 5 '-terminus of the Scorpions molecule or as an 
internal part of the loop. Internal folding within ihe primer is best minimised, to ensure the 
absence of double stranded DNA which- may then be.rntercalated, leading.to high background 
noise. If the dye is placed within the? loop portion of the molecule, it may be possible tp . have a 
hairpin structure (which would enhance the allele specificity of the the hybridisation). The 
dye used is preferably not a standard fluorophores but rather an intercalator haying low 
fluorescence in the absence, of double stranded target and a high enhancement when , : . 
intercalated^ Suitable fluorophores include the cyanine dyes developed by Molecular Probes, 
ethidium bromide; acridine and others. The dyes may need to be modified jo ensure thein easy 
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attachment to the Scorpions primer or incorporation via phospho^amidite (solid phase) 
chemistry. ' -r »' ' . . ' , . • -^'-.-r^, -iA: - 

FRET embodiment 

In this modification of the basic system, the dyes involved form an energy transfer 
5 pair. One of the dyes is positioned close to the^ S' ehd of >he tiirget binding region, while the 
other is placed close to the 3' "terminus of the ampHcon binding region (see Figure 5a,b). The 
probe must hybridise very close to the-^primer thus hn i^mg together the FRET pair and 
producing an enhanced fkiotescetice sigtial j a^I:^ : ' \;^:i\.f^l--: . 
No-quencher embodiment 

10 A fluorophore is attadied to the tail of (he Scorpions primer (see Figure 6 (a),(b) & 

(c)). Random folding of the Scorpions prmer around th^ fluorophore provides sufficient 
quenching of the flucrbphore. We believe this may be due principally to the nucleotide, 
guanylic acid. In order to maximise quenching it is preferred, but not essential, to have the 
fluorophore at or around the middle of the primer, with sufficient additional DNA to quench 

1 5 efficiently. Quenching efficiency is dependent on the sequence of the surrounding DNA. 
Binding of the target bindihg region of the tail to the t'-rget region alters the conformation of 
the DNA sufficiently to remove this quenching. We prefer this embodiment as an amplicon 
detector. - ^ 

Bimolecular embodiment ^ 

20 The fluorophore and quencher may be introduced on twc separate but complementary 

molecules (Figure 7a). The fluorophore and quencher may be on either end cf the probe or 
complementary' sti-:ands, provicied tiiat hybridisation of the two strands brings the 
fluorophore/qiienchef pair into close proximity. After a roimd of denaturation, annealing and 
extension, the fluorophore remains quenched, as the bimolecular moiety re-forms (Figure 7b). 

25 The non Scorpion, free strand is in excess to ensure that this bimolecular interaction occurs 
and for this reason it is preferred that this molecule carries the quencher, to minimise 
backjgrounds.^ However, after a further round of denaturation and annealing, the self-probing 
strand forms (Figure 7c) and the free quencher (oligo) is unable to compete with this event 
kinetically or thermodynamically thus leading to an increase in fluorescence. 
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If required one of iJie^mGlecuIes may comprise a secondary structure such: as hairpin 
structure so as to allow the attachment of for example more quencher species for more 
efficient quenching of a fluorophore on the other molecule. 

Capture Probe embodintenf ^ i w r . ^ : ^ 

In addition to the embddinldnts discussed above^ amplicons may be specifically 
captured and probed using the saitle non-amplifiible tail (see Figures 8a & 8b). In a further 
specific embodiment the (iapture^arid^tail sequences are provided as jion-contiguous features 
ie, together with the template binding region they form a branched primer structure (cf,i Figure 
8c). After amplification the amplicon may be captured onto a solid surface, whilst the signal 
generation remains amplicon specifici Alternatively the capture sequence^ and signalling 
system may be on opposite ends of the amplicons. In this way, generic , "ichips" with tlie s;ame 
capture sequence may be used to analysemany different targets- the capture regions remain 
xmchanged while the amplifier and probe elements vary. . . 

Stem embodiment 

In this embodiment the primer tail comprises self complementary steris (also Dl^IA, 
RNA, 2 -O-methyl RNA, PNA and their variants); which flank the. amplicon binding region 
and which carry a fluorophore.quencher pair, such that hairpin formation by the two stems 
brings the F/Q pair together causing the fluorescence to be substantially quenched ("off')- 
The fluorophore and quencher can be placed on either arm, depending upon preference or 
synthetic simplicity; w^e prefer to have the quencher on the 3* arm (ie adjacent to the blocker 
in the middle of the molecule)]. • : ; t ; 

At high temperatures; the stem duplex is disrupted and the fluorpphore is unquenched (ie, 
"on"- Figure 9a); at lower temperatures, however, the stem duplex forms, and. the fluorescence 

is substantially off (Figure 9b)i^ , 

*.,'■■ ■ ■ ■ ' ■ ■ . . 

In an dnipUficatioh cycle : ^ 

After initial denaturation, annealing and extension, the Scorpioris arnplicon comprises 
a regidn complementary to the loop region at its 5*-end (Figure 10a). Upon a second rpund of 
denaturation (Figure 10b) and annealing, the tail hybridises to the newly synthesised. region 
with great efficiency (a unimolecular interaction) and fluorescence remains unquenched 
(Figure 10c). Unextended primers, however, will continue to form their quenched 
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conformatiori; Meanwhile, the "reverse" primer will haye hybri^isfd, to this same strand and 
synthesis goes on. We believe that the tail is (at least partially)xlisplaced by the Taq 
polymerase and the; remainder melts off easily sin^e the prohes^ .affe;;Shprt. At this stage, the 
Taq polymerase completes the synthesis iqf thi.SiStrand un,til Jt enepui^ters the amplification 
5 blocker. Because signals m^e strong and ithe/pI1i|ning^f^n9^^^^ identical to the non-Scorpipns 
variant, not all the primer needs to -be in the ScorpiQnSj forxn, indeed, we? have obtained strong 
signals v/hcn 10% or less of the primer ■\yas in the^ iSis^ifl^/p^^ allows cheaper 

reactions and also permits the balancing of signal; strengths j where two different fluorophores 
are used. ^^ -r^ ; <j h *• . 

1 0 The iScor/JzV^w^ primers of the invention may be used in place of conventional 

amplification primers, such as PGR primers ahd ar e not e:^pected to interfere with their 
amplification function. In a two-tube ARMS test (normal and mut^t) the Scorpions primer 
may conveniently be the common primer (Figure 1 la), with the production of signal 
dependent upon ARMS amplification. 

1 5 However, it is equally viaWe to place the signalling entity on the APMS primers. 

Each ARMS primer may be labelled with different fjuorochromes (Fl, F2), thus permitting 
single tube genotyping (STG)- that is both reactions are run in the same tube and the 
amplicons are distinguished by their chffl-acteri:StiG "colour" (Figure 1 lb). 
Alternatively, the signalling entity may carry the allelic specificity (see Example 2); the 

20 primers are standard (non-ARMS) primers and two different pipbe sequences to match the 

two allelic variants are iritroduced on two variants ofjone; of ithe primejrs (Figure 12a, b). It has 
been found that probes which can form hairpins in the absence of target are better 
discriminators of single base mismatches than the uqtailed versions of tfce same probeis.. In 
another manifestation, probes for each variant may be introduced one each on the two 

25 amplimers (Figure 12c, d) thereby probing different strands of the .reaction. Finally, 

combinations of theise ide^ are possible: one. subset of iSbor/?/o«^pri may be used for 
allele discrimination, while other primersin the same mix may act as control probes to detect 
the amplicon itself (Figiire 1 2e).!: Discrimination between- 1^^^^ eyents is achieved either by 
fluorescence Wavelength, or alternatively by the use of prob? elements having the same 

30 fluorophore but different Tj^s which may then be discerned ]^y measuring the fluorescence 
over a temperature range. 
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The invention Svill iidw be illusttated but not limited by reference to the following 

Figmes and Examples wTierein: ' ' ' 

Figure 1 shoWs the basic features of a convenient primer design, the template binding 
region is indicated by the shaded arrow, the 'tail regioh comprises a blocking group indicated 
5 by H, also shovra are a quencher and fluorophor^v is in the regiori 

indicated by the solid line between the quencher and : 

Figure 2 shows quenching-iicKieVed by random coiling of the tail bringing the 
fluorophore and quencher pair into" closed proximity. : :r ' 

Figure 3 shows hybridisation of the target binding region to a complementary 
10 sequence in the primer extension product corresponding to the target region: 

Figure 4 (a) shows the inclusion of an intercalating flborophore (IF) in the tail of the 
primer and primer extension on a sample template; (b) shows intercalation after hybridisation 
of the target binding region to a complementary sequence in the primer extension product 
corresponding to the target region. 
15 Figure 5 (a) sKows the use of dyes (R & F) incorporated into the primer and ; which 

form an energy tranfer pair, (b) ishows their relative .position upon hybridisatioa 

Figxire 6 (a) shows the use of a primer ihaving a single fluorophore (F) attached at the 
5' terminus, a blocking group (H) is shown, the target binding region is indicated by > the arrow 
to the right, (b) shows the random coiling and quenching of the fluorophore in solution and (c) 
20 shows hybridisation Of the target binding region after primer extension, , . 

Figure 7 (a) shows the bimolecular embodiment of the invention, the fluorophore and 
quencher are provided on separate species; in (b) the primer is extended on a sample template, 
and in (c) separation of the fluorophore and quencher uponhybridisation of the target binding 
region are shown. ■^^•*' ' ' * ■ - - i . . \ • -t.- - ■ 

25 Figure 8 (a) shows the capture probe embodiment of theanventibn, in (b) amplicons 

are captured oh a sblid phase and probed using the same non-amplifiable tail, in (c) the primer 
comprises a branched structure of the tail and capture sequences, : ^ % . : : 

Figure 9 shows the stein embddimentiof theinvention, (a) at high temperatures, the 
stem duplex is disrupted and the' fluorophore is unquenched, ie. "on"; (b) at lower 
30 temperatures, liowever, the stem duplex forms and the fluorescence is substantially off. 
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Figure 10 shows the primer as used in an amplification cyclev (a) after initial 
denaturation, annealing and extension, the Scorpions amplicon't^mprises a region 
complementary to the loop region at its 5 -end; (b) upon a second roimd of denaturation and 
annealing, the tail hybridises (c) to the newly synthesised region with great efficiency (a 
5 unimolecular interaction) aiid flwrescehce reniains imquenched (Figure lOc). Unextended 
primers, however, will continue to form their qittsnched Gonformatiori/ 

Figure 1 1 shows use of the primer as (a) a common primer in a two tube ARMS test 
and (b) as allele specific primers "a" and "b" in a single tube ARMS test. 

Figure 12 shows the use of the primer where hybridisation of the target binding region 
10 occurs in an allele specific manner, in (a) primer extension gives a product corresponding to 
allele "a" or ' b", in {b) hybridisation is allele specific or mismatched in (c) and (d) probes for 
each variant are provided on each of the two ampliiners, thereby probing different strands of 
the reaction, and in (e) different priniers may be used in the same mix for allele discrimination 
and as control primers for aniplicon detection. > 
15 ' Figure 1 3 sliows real time detection of amplification, fluorescent signal is generated 

upon hybridisation of a matched target binding region in contrast to a mismatched target. : 

Figure 14 shows allele discrirriination, fluorescent signal is generated upon 
hybridisation of a maiched target binding region in contrast to a no-template control and a 
mismatched target. 

20 Figure 1 5 shows primer titifation, fluoresceht signall is generated ujpon hybridisation of 

a matched target binding region ih cbhtra^ tbia-mismatcted t^ proportions 
of Scorpion primer were usedV (a) 100%, (b) 80%; (c) 50%,i(d) 20% and (e) lOVo. 

Figure 16 shows heteroplasmy analysis, varying admixtures of G homozygote and A 
homozygote wete used as shown and readings taken after 40 cycles of PGR. 

25 Figure 1 7 shows a comparison between this invention and a bimolecular equivalent. 

In (a) mismatched targets show no Appreciable amplificatiori, in (b) and (c) a substantial allele 
specific signal is produced only by the matched Scorpions primers. In Figure 17 results 
obtained using Scorpions primers are shown as triangles and crosses. 

Figure 18 shows use of the no quencher embodiment of the invention, fluorescent 

30 signal is generated upon hybridisation of a matched target binding region in contrast to a no- 
template control. 
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Figure 19 shows that i-aridom coiling of a primer of the invention is sufficient to bring 
the fluorophore and quencher together. i:. 

Figure 20 shows thfe bimolecular embodiment of the invention^ different amounts of 
quencher oligonucleotide, were added, (a) none, (b) ,0.5|iM, (c) 2|iM arid (d) 20jjlM, ; , 

Figure 21 shows (a) the proportion of fi^ee floating quencher to the Scorpions printer 
ie. 40X, 4X, IX and OX respectively!; and (b) the effect of no quencher, 

Examples • . • -i 'i \ ^ v- n^. w-- • 

Materials 

Primers/Scorpions primers: ; 

B2098- BRCA Scorpions: FAM -GGCAGGA TGTAGCACATCAGAA GCGTGCG r 
MR-HEG-TTGGAGATTTTGTGACTTGCACTCTCAAA 

Underlined regions are the hairpin forming parts, FAM is th^;fluor:escein dye, MR is a- 
non-fluorogenic fluorophore attached to a uracil, HEG is the replication blocking hexethylene 
glycol monomer. The probe matches the "G-variant" of the BRCA2 polymorphism and 
mismatches the ;'A-variant". 

Rl 86-98: untailed equivalent of B2098: TTGGAGATTTTGTGAGTTCCAqTCTGAAA 
Rl 87-98: opposing primer to the Rl 86-98 and the equivalent Scorpions , . , 
Z3 702: the probe segment of the Scorpions B2098: 

FAM -CGGACGA TGTAGGACATGAGAAGGGXGCG-MR ^ 
Template DNA : previously genotyped DNA prepared by proteinase K^and phenol/chloroform 
extraction was used at 50ng per 50|il reaction. G;enotypes were, typically one homozygous 
A/A, one homozygous G/G and one heterozygQte (A/C), ; : . _ 

Buffer (1x1: 10 mM Tris-HCI (pH 8.3), 1.2 mM or 3^5 .piM MgGl2, 50 mM KCl, jdNTPs (each 
at 100 fiM), gelatin at 0;0l%(w/y). . > , 

Enzyme : AmpliTaq Gold (Perkin-Elmer/API) was included iurth? reaction mix at 2uriits/50fil 
reaction/' ■ ■ ^ - ■. - ■ 
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Amplification detected in real time 

' In order to morutor the performance of a Scorpions primer in' ah homogeneous 
amplification reaction, a PGR was performed using primers which flank a polymorpliism in 
5 the BRCA2 gene. The target sequence selected had previously been used for allelic 

discrimination of the two vari&ts but was^t^ detection (the probe failed to 

hybridise at 60*^C- the loweist temperature inthfe it^^Fmbcycling^f^ The (upper strand) probe 
entity was synthesised as jjart of a Io>x;^^r strand jSrfnfdr^vii^th a blockitig HEG between the two 
functionalities. Target DNA cdiild be sel^ted to produce amplicon which would match or 

10 mismatch the probe. 

Reaction conditions: After addition of template DNA, tubes were sealed and reactions 
were cycled under the following cdnditidhs: 20 min at 94*^0 td activate the Amplitaq Gold; 
and 40 cycles of {94*=*C for 45s, 60*=^C for 45s}. Reactions were performed in an ABI PRISM 
7700 fluorescence PGR machine. 

15 Results: See Figure 13. It is very clear that as amplicon accumulates, fluorescent 

signal Is generated. There are several fluorescence leadings at each timepoint and the sharp, 
stepwise nature of the? signal increase r^flbcts the rapid production of probe-target duplex in 
the early part of the thermocycfe hold. This is cue to the unimoleculsir mode of action of a 
Scorpion piimef, which permits instahtari€^cus recognition of an appropriate amplicon. 

20 

Example 2 

Allelic discrimination 

Materials and methods as above. 

Results: See Figure 14. In this experiment, the probe matched or mismatched the 
25 amplicons at the polymorphic base. Bbth amplifications were equally efficient (as viewed by 

agarose gels [results not shown]); but tlie matched produci was detected much more readily 

■ - ■ - ..... J . . .,1 . _ . .- ... . ■ 
than the mismatched. This^illu^trates the strong specificity of the system even down to a 

single base change in ;lhe amplicon. , ; : 



30 
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Example 3 

Primer Titration i 

Materials andimethQd, see above. Titration of the primer B2098 jwith its untailed 
equivalent (R 186-98) was* from 100%:5'cpr/>ioi^?5^tp 10% 5 

Results: See Figure 15. At alLratips of 5c^r/?io^5:untailed primer,.reactions were 
clearly detectable on the ABI77Q0. y Indeed,: the Ct:(th^ signal crosses a 

threshold above "background") was/ identical regardless of the ratio of Scorpions to untailed 
primer indicating the same levels of priming effieciency throughout the series. The only 
10 variable was absolute fluorescence signal (as would be expected). The efficiency of this 
system is in marked contrast to available methods where higher concentrations of probe are 
required to drive kinetically the bimolecular.probing event. ^ 

Example 4 ; 
15 Endpoint readings 

Materials and methods: Reactions. \Yere set ;\ip as above but were carried out at two 
different magnesium cpncentrations (L2 and 3.5 rnM). DNAs of all three, genotj^pes and a no 
template control (NTC) were used an4the fluorescence was mesisured before and after 
amplification. Fluorescence numbers are the n^eans of at lea§t 6 separate readings from 
20 duplicate samples. 

Results K 



Sample • ; u . 


GG ; -.• . 




-AA' , , ... .:.„;-: 


NTG 


Mg : n 




3.5 


hi: . 


3.5 


1.2 , 


3.5 . 


•il.2 . -.v. 


: 3. -Si; 


Before ' 


6-396 


3706' ' 


,5700 


2958 ' 


,6157 • 


3299 


6257 : 


3685 


After 


12144 


10316 


?614- * 


6140: 


6818. 


i4641i-; 


6616 . 


445,3 


Change 


5748 


6610 


2914 


3182 


661 ■■ 

■ - 


1342s. 


359..' ) 


768 



25 Fluorescence readings increased through the PGR in a target dependent manner. In 

fact the signals generated for heterozygotes are approximately half those for the CC 
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homozygotes and this may be iiseful for genotypingin a siniRlg way or for analysis of 
heteroplasmy where the allele ratios vary more widely thaiaclQO::P, |5p:5P or 0:100. In 
addition, the signals generated for mismatch targets ^yeI;eJsimUM^ta; backgrolm 
showing that although ampUfication ;had bccun*ed„ttie^ pxOho .was not efficiently 
5 hybridising unless there was a perfect match. Increasing the magnesium concentration 

decreased this discrimination but also ensured that the backgrounds were lower, 
presumably by promoting hybridisation in general. 

In addition to observing^tKcse signal: changes l>^^^fl«orimet fluorescence 
could be detected by visual inspection of the tubes backJit by UV transilluminator. This is 
10 a remarkable observation since the FAM dye has an excitation optimum at -490nm 

whereas the UV box illuminates at -330-360nmw This means that tfie fluorescent yield 
wias far^from optimal and tiiay be substantially itnproved by the use of more appropriate 
wavelengths, • -fi - / 

15 Example 5 

Analysis of betteroplasmy by Scorpionsr > ■ 

Reactions were set up as in Example 4, but template DNA was a standard quantity 
with varying admixtures Of G homozygote Xo A Homozygote: 1 00%:0%^ 90:1 0, 50:50, 1 0:90, 
0:100 and NTG. After 40 cycles of PGR, tiie*F AM. fluorescence readings were taken and the 

20 ^n'C ^subtracted from eacPi. The dataiare sho^ h \ * 

Example 6 , : 'K:>' :r. : • tr. - . - ^^y--' w. . < 

Comparative Performance {Of Scorpions i ^ - - ^ ^ 1 

In order to examine therelative p^ormance of Scorpions versus ahimolecular 

25 equivalent, the isame ampMcon and probe sequences were used in each fprmat: The 

bimolecular' format constituted 500 nM each of primers R18.6-9&(and Rl 87-98, plus 500 nM 
Molecular Beacon Z3 702, vvhile the ummolecular version contained B2098 and R^ each 
at 500 nM. Other reaction constituents were identical to previous experiments (with 1 .2 mM 
Mg) and cycling was for 40 cycles as above. The results of these amplifications iri real time 

30 with targets which are homozygous C, homozygous A, or heterozygous A/G are shown in 

Figure 17, Glearly, there was no substantial amplification above background for the reactions 
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with a bi-molecular pf6biiig fnbde of action, whereas substantial allele specific signals were 
produced in the Scorpions reactions. It is worth noting that the final level of signal for the 
heterozygote was half that generated by the homozygous C amplification. This experiment 
illustrates the stibstantial kinetic advantages of the 'tinimolecular hybridisation approach of 
this invention. V-'^' -'^ ' ■ -^-r -^j^ ^. ^- _ .-^ *: ■,' <, 



r ■ ■ 



Examples 7 and 8 

Random coil embodimeial and bimolecuyr embodim^^ . 
Scorpion B273 1 : 

10 fam-AGGTAGTGCAGAGAGTG-mr-h-GAGGCTCAACATCGTGGTCCCCTCGTACTAC 

Scorpion B4249 (no quencher on same molecule) 
fam.AGGTAGTGCAGAGAGTG-h.GAGCCTCAACATCCTGGTCCCGTCCTACTAC 

Quencher oligonucleotide (complement of the tail of B4249): 
CACTCTCTGCACTACCT-mr 
1 5 ARMS primer R284.97: TTCGGGGCTCC ACACGGCGACTCTC AAC , 

ARMS primer R283-97: TTCGGGGGTGCACACGGCGACTCTCAAG 



Target is the H63D polymorphism of the human heriditary haemochromatosis gene,(HH), 
B2731 and B4249 are "common" primers to oppose the ARMS primers R283r97, R283-97, 
20 Cycling conditions and reaction composition as above. Primers (including Scorpion pnmQxs) 
were used at 500nM concentration. 

For the two molecule example, the quencher oligonucleotide was incorporated at.Oi 0.5 
2 and 20 mM, that is: 0, 1,4, 40 fold relative to the Scorpioa>primer. i , : , o > 

The random^coil emboiiiment (Figure 19) confirms that random coiling;alone can be 
25 sufficient to bring the probe and quencher together and that an increase in signal is readily ; 
obtained in continuous monitoring of PGR. (Furthermore, it should be noted that thisi ^ . 
particular ^plicon had previously proven refi-actory to probing in a TaqMan or Molecular 
Beacons assay); ' ■ ' ' ■ - ^- ■-J , ^ ; < . •■■■■■>.-, : 

The bimoleculaf embodiment also gave good results (see Figures 20 and 21). The 
30 more quencher was added, the lower the backgrounds in the absence of amplicon. The ; 
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optimal overall performance (taking account of absolute signal strength and signal/noise) was 
with equimolar and 4x excess quencher. 



Example 9 
5 No quencher embodiment 

Scorpion B4249 (no quencher) 

fam-AGGTAGTGCAGAGAGTG-hGAGCCTCAA€ATCCTGGTCCGCTCCTACTAC 
ARMS primer R284-97 

TTCGGGGCTCCACACGGCGACTCTCAAC 

10 Reactions were set up as described in the previous examples. Primers were included at 

500nM. The target was the H63D mutation of the human hereditary haemochromatosis gene 
(HH). 25ngofDNA was added per reaction. B4249 was the conimon primer in combination 
with the ARMS mutant primer R284-97, Cycling was as described in the previous examples. 
The results are shown in Figure 1 8, 

15 In this example, mutation specific signal was generated in the absence of a quencher. 

Random folding of the Scorpion primer around tbeiluprophore provides sufficient quenching 
of the fluorophore. An increase in signal is readily obtained during continuous monitoring of 
PGR. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: Zeneca Ltd 

(B) STREET: 15 Stanhope Gate 

(C) CITY: London 

10 (D) STATE: Greater/ L'ondon/- • ; / 

(E) COUNTRY: England 

(F) POSTAL CODE <2TP) : WIY 6LN 

(G) TELEPHONE: 0171 304 5000 
CH) TELEFAX: 0171 304 5151 

15 (I) TELEX: 0171 B34 2042 

J J 

(ii) TITLE OF INVENTION: METHODS 



(iii) NUMBER OF SEQUENCES: 7 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk • , 

(B) . COMPUTER; IBM PC compatible 

(CV OPERATING SYSTEh!: * PC- DOS/MS -DOS 
25 (D) SOFTWARE: Patentin : Release #1.0, Version. #1 .30 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 98127 68.1 

(B) FILING DATE: 13-JUN-1998 

30 

(2) INFORMATION FOR SEQ ID NO: 1: 

<i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 29 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: other nucleic acid 



45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CGCACGATGT AGCACATCAG AAGCGTGCG 
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(2) INFORMATION FOR SEQ ID NO: 2; 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: other nucleic acid 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 



TTGGAGATTT TGTCACTTCC ACTCTCAAA 



29 



20 



25 



(2) INFORMATION FOR SEQ ID NO: 3: 

<ij SEQUENCE CHARACTERISTICS: 
CA) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 



30 



35 



(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



AGGTAGTGCA GAGAGTG 



(2) INFORMATION FOR SEQ ID NO: 4: 



17 



40 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



45 



(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



GAGCCTCAAC ATCCTGCTCC CCTCCTACTA C 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 base pairs 
10 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(DJ TOPOLOGY: linear 



15 



30 



(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

20 

CACTCTCTGC ACTACCT 



(2) INFORMATION FOR SEQ ID NO: 6: 

25 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 



35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
TTCGGGGCTC CACACGGCGA CTCTCAAC 
40 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 
45 <C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 



(xi ) SEQUENCE DESCRIPTION: SEO' ife : ' 



TTCGGGGCTC CACACGGCGA CTCTCAAG 



' ■ '. -» -i ' 



28 



1 "J 



* 1 
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Claims 

1 , A method for the detection of a target nucleic acid, which method comprises 
contacting template nucleic acid from a sample, with (i) a signalling system and (ii) a tailed 

5 nucleic acid primer having a template binding region and the tail comprising a linker and a 
target binding region, in the presence of appropriate nucleoside triphosphates and an agent for 
polymerisation thereof, under conditions such that the template binding region of the primer 
will hybridise to a complementary sequence in the template nucleic acid and be extended to 
form a primer extension product, separating any such product from the template whereupon 
10 the target binding region in the tail of the primer will hybridise to a sequence in the primer 
extension product corresponding to the target nucleic acid, and wherein any such target 
specific hybridisation causes a detectable change in the signalling system, such that the 
presence or absence of the target nucleic acid in the sample is detected by reference to the 
presence or absence of a detectable change in the signalling system, 

15 

2, A method as clziimed in claim 1 wherein the tailed nucleic acid primer is used as an 
amplification primer in an amplification system. 

3. A method as claimed in claim 2 wherein the amplification system is the polymerase 
20 chain reaction (PCR). 

4. A method as claimed in claim 2 or claim 3 wherein the tail of the nucleic acid primer 
remains uncopied during amplification. 

25 5. A method as claimed in claim 4 wherein the linker in the tail comprises a blocking 
moiety to prevent copying of the tail. 

6. A method as claimed in claim 4 wherein the tail of the nucleic acid primer comprises a 
non-copiable species. 

30 
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7, A method as claimed in any one of the previous claims wherein hybridisation of the 
tailed primer to template nucleic acid is performed at a stringency so as to allow primer 
extension on related template sequences. 

5 8. A method as claimed in cldim 7 therein tiie related template sequences are human 
leukocyte antigen (HLA) sequences. 

9. A method as claimed ill any' one]6f the pirevimis claims wherein hybridisation of the 
template binding region and/or target binding region of the primer to a complementary 

1 0 sequence is allele specific. 

10. A diagnostic primer for use in a method according to any one of claims 1 -9 and 
comprising (i) a template binding region and (ii) a tail comprising a target binding region and 
wherein the target binding region hybridises to a complementary sequence in an extension 

1 5 product of the primer corresponding to the target nucleic acid and the complementary 
sequence is less than 200 base pairs frditi the template binding region. 

11. A diagnostic primer for use in a method according to any one of claims 1-9 and 
comprising (i) a template binding region and (ii) a tail comprising a linker and a target binding 

20 region and whereiii the tiirget binding region hybridises to a complementary sequence in an 
extension prodtict 6f the primer corresponding to the target viiicleic acid. . - 

12. A primer as claimed in claim 10 or claim 1 1 wherein the template binding region and 
the Ttail region are ari-anged such that the tadl region remarnts uncopied' during amplification. 

13. A primer as claimed in any one of claims 10-12 wherein the linker comprises a 
blocking moiety which prevents polymerase mediated copying of the primer tail. 

14. A primer as claimed in any one of claims 10-13 and further comprising at least one 

30 component of an integral signalling system to indicate hybridisation of the target binding 

' ■ ... '■• ' ■ ■ 

region to a complementary sequence in an primer extension product of the primer.. 
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15. A primer as claimed in claim 14 wherein the primer tail carri^ an intercalating dye. 

16. A primer as claimed in claim 14 wherein the primer tail comprises a fluorophore for 
5 the detection of target binding by fluorescence pdlarisation, , a 

1 7. A diagnostic primer as claimed in claim 14 and further having a separate species 
comprising at least one component of an integrar signalling system releasably attached to the 
primer tail. . ; ; : ^ 

10 : 

18. A primer as claimed in claim 17 wherein the signalling system comprises energy 
transfer between fluorophore.and quencher species. 

r ■ , • " ^ , , ■ 

19. A primer as claimed in claim 14 wherein the primer tail acts as a quenchenspecies. 

15 . • , . ... , . ^ - . . ; . 

20. A primer as claimed in claim 1 3 wherein the primer tail includes one or rnore regions 
of internal hybridisation to stabilise one or more component(s) of the signalling system in a 
given position, ; ; . 

20 21 . A primer as .claimed in claim 20 wherein the primer tail comprises a self-i 

complementary stem duplex having a fluorophore quenched by a quencher species, and 
wherein the fluorophore becomes unquenched when the stem duplex is disrupted. 

22. A primer as claimed in any one of claims 10^21 which fmther comprises a^capture 
25 region which hybridises to complementary sequence on a solid phase, 

' ■ ,i ' .1 . ' ' ' f ■ ' ' ■ \ < . . i ' ■■■ . . , • ' : , 

23. A method as claimed in any one of claims 1-9 and using more than one nucleic acid 
primer for the detection of more than one target nucleic acid sequence. 

30 24. A kit which comprises at least one primer as claimed in any one of claims 10-22 
together with packaging and instructions for use. 
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